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© Electrically conductive metal oxide coatings. 

© A method for forming a metal oxide film on a substrate is provided comprising the steps of depositing a 
continuous metal layer having an exposed surface onto a substrate, forming a metal oxide layer on the exposed 
surface, contacting the oxide layer with an effective amount of a fluxing agent, providing a protective polymeric 
layer on the oxide layer and forming dfscrete metal microspheres by melting the metal layer. A metal polymer 
composite comprising a continuous metal oxide layer which may be transparent is thus provided. 
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ELECTRICALLY CONDUCTIVE METAL OXIDE COATINGS 

Technical Field 



The present invention relates to a method for forming a metal oxide coating on a substrate and, 
5 particularly, to metal oxide composites which are optically transparent and electrically conductive. 



Background 

70 

Metal oxide films, such as indium oxide and indium-tin oxide, are known to be optically transparent and 
electrically conductive. Transparent and electrically conductive films are used, for example, in solar thermal 
energy conversion, solar photovoltaic conversion, solar heating, static control films, laser resistant coatings 
in high power laser technology, as the photocathode In photoelectrochemical cells, and as surface layers in 
T5 electroluminescent applications. See, A. L Dawer, S. G. Joshi, Review of semiconducting transparent thin 
films; their properties and applications, Journal of Materials Science , 19 (1984) pp. 1-23. 

While the utility of metal oxide films has been well known, processes for manufacturing metal-oxide 
films have been slow and expensive. Indium oxide and indium-tin oxide are two well-known metal oxides 
which can be formed into thin layers having low electrical resistance and high optical transparency. Indium 
20 oxide and indium-tin oxide films can be made by, for example, magnetron sputtering or by evaporating 
indium or indium tin oxide onto a substrate in an atmosphere containing carefully controlled amounts of 
oxygen and argon. However, these processes are very slow and difficult to control and, therefore, are quite 
xpensive. 

Therefore, there is a need for a process by which coatings of metal oxides, such as indium oxide or 
25 indium tin oxide, can be produced quickly and economically. Further, there is a need for producing metal 
oxide coatings which are electrically conductive and allow sufficient amounts of visible light to pass through 
the coating. The present invention provides a fast and economical process for forming a metal oxide film 
which is supported between a substrate and a protective polymeric coating. 

30 

Summary of the Invention 



The present invention provides a simple, fast and economical method for forming a continuous metal- 
as oxide film which is supported between a substrate and a polymeric coating. The method comprises the 
steps of depositing a continuous layer of metal onto a substrate, forming a metal oxide layer on the metal, 
contacting the oxide layer with an effective amount of a fluxing agent, providing a protective polymer layer 
on said oxide layer, and forming discrete metal microspheres by melting the metal layer. 

The process preferably comprises the steps of: forming a suitable metal vapor in a vacuum chamber, 
40 preferably indium, tin, indium-tin, cadmium, cadmium-tin, or the metals or alloys with antimony or fluorine; 
and depositing the metal vapor onto a polymeric substrate in the form of a continuous metal layer having an 
exposed surface; forming an oxide layer on the exposed surface of the metal by heating the metal in the 
presence of oxygen; treating the metal oxide layer with an effective amount of a fluxing agent; applying a 
polymeric protective coating layer to the metal oxide layer; and heating the composite, sufficiently to melt 
45 the metal layer, the melted metal forming a plurality of discrete metal microspheres which are embedded in 
the metal oxide layer. 

An "effective amount" of a fluxing agent is defined to be the amount necessary to penetrate the metal 
oxide layer and sufficiently loosen or weaken the bond between the metal oxide and the metal itself so that 
metal microspheres will form when the metal layer is melted. The term "embedded", and variants thereof, 
so as used herein are defined to include all conformations where the oxide layer and the metal microspheres 
are in contact with each other. As used herein, forming a metal oxide layer on the exposed surface of the 
metal, means oxidizing the surface of the metal to form a metal layer therein, as is known in the art. An 
oxide layer is not deposited onto the surface but instead part of the metal layer becomes the metal oxide 
layer. 

This process produces a composite having metal microspheres and metal oxide layer supported 
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between a substrate and a polymeric layers. The discrete metal microspheres are embedded in a 
continuous layer of the metal oxide. This layer is supported between the substrate and the protective 
polymeric coating. 

Brief Description of the Drawings 



Fig. 1 is a schematic cross-section of a composite of the present invention showing the metal 
microspheres and the metal oxide layer being supported between a substrate and a polymeric layer. The 
drawing is not necessarily to scale. 



Detailed Description of the Invention 



15 



The present invention provides a fast and economical method by which a metal oxide film can be 
produced which is supported between a substrate and a polymeric layer. The metal oxide film is 
continuous, preferably electrically conductive and optically transparent, and has discrete metal micro- 
20 spheres embedded therein. 

Referring to Fig. 1 . a cross-sectional schematic depiction of a composite of the present invention is 
shown. A substrate 1 supports a continuous coating of a metal oxide layer 2. The metal oxide layer 2 has a 
plurality of discrete metal microspheres 3 embedded therein. A protective polymeric coating 4 is coated 
onto a top surface 5 of the metal oxide layer 2. 



25 



Components 

A wide variety of materials may be used as substrates in the present invention. It has been found that 
30 many polymeric and non-polymeric materials are suitable as substrates. The substrate should be able to 
have a layer of the liquid metal, deposited thereon. The substrate is also preferably transparent jind has 
other characteristics as dictated by the particular anticipated end use of the composite. 

Polymers which may be selected for use in the present invention include: engineering plastics such as 
* polystyrene, styrene/acrylonitrile copolymers, copolymers containing polymerized styrene, acrylonitrile and 
as butadiene (often called ABS polymers), styrene/butadiene copolymers, rubber modified styrene polymers, 
styrene/maleic anhydride copolymers and similar polymers of monovinylidene aromatic carbocyclic mon- 
omers, polycarbonates including those made from phosgene and bisphenol A and/or phenolphthalein. 
polyesters such as polyethylene tetrephthalate. acrylic resins such as poly(methyl methacrylate). polyacetyl 
resins such as polyformaldehyde resin, nitrile resins such as polyacrylonitrile and other polymers of a B- 
40 ethylenically unsaturated nitriles such as acrylonitrile/methyl methacrylate copolymers, polyimides, 
polyamides such as nylon, polyolefins such as polyethylene and polypropylene, polyvinyl halides such as 
polyvinyl-chloride, vinylidene chloride homopolymers and copolymers, polyurethanes; polyallomers; poly- 
phenylene oxides; polylmers of fluorinated olefins such as polytetrafiuoroethylene. silicone polymers; and 
cellulosic polymers. 

45 The thickness of the substrate is not particularly important to the practice of the present invention and 
should be determined by the characteristics and properties which are dictated by the end use for which the 
composite is designed. Such end use characteristics or properties include: transparency, flexibility, tensil 
strength, corrosion resistance, and the like. 

The metal which comprises the metal layer and is used to form the metal oxide layer of the composite 

so of the present invention, is preferably one which in the oxide form is transparent to visible light and has a 
low electrical resistivity. The metal, should also preferably have a melting point which is less than the 
degradation point of the substrate or protective polymer chosen for use in the composite of the present 
invention. 

Preferred metals include indium, Indium; indium-tin, tin, cadmium, cadmjum-tin, mixtures thereof, ana 
55 metals or alloys which are antimony or fluorine doped. Indium and indium-tin alloys which have a tin 
composition of between 5 and 25 percent by weight are particularly preferred for use in the present 
invention. 

It is to b understood that because of the nature of the process of the present invention that when the 
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terms "metal" and "metal oxide" are used they refer to a metal or metal alloy and the oxide made from 
oxidizing that particular metal or metal alloy. The term "metal" will refer to substantially pure metals, alloys, 
and mixtures. 

The fluxing agent of the pr sent invention is a composition which will penetrate the metal oxide layer 
s and suffici ntly loosen or weaken the bond between the metal oxide layer and the metal layer so that when 
the metal layer is melted, it will form discrete metal microspher s I aving the continuous metal oxide layer 
intact Examples of suitable fluxing agents include acetic acid, zinc chloride, phosphoric acid, dilute 
hydrochloric acid and other known fluxing agents for the particular metal and metal oxide used in the 
present invention. 

w The fluxing agent is used in a sufficient concentration to sufficiently loosen the bond between the metal 
oxide layer and the metal layer to allow microsphere formation upon melting of the metal layer, but should 
be weak enough so that it does not dissolve, corrode or otherwise degrade the metal oxide layer, the 
substrate, or the protective polymeric layer. Preferably, the fluxing agent is volatile enough so that it will 
evaporate after it has performed its fluxing operation. If the fluxing agent evaporates from the system, it will 

is not present a risk of subsequent degradation to components of the composite. 

Protective polymers which are suitable for use in the present invention may be selected from the broad 
range of polymers which are suitable for use as the substrate discussed above. If it is desired that the 
fluxing agent be dissolved in the liquid protective polymer and simultaneously coated onto the metal oxide 
layer, the particular fluxing agent and protective polymer chosen should be compatible. The fluxing agent 

20 should be soluble in the liquid polymer during and after curing of the protective polymeric layer. 



Process Parameters 

25 The process of the present invention involves first depositing a metal layer onto a substrate. A preferred 
method of deposition is through vacuum deposition. A metal vapor is formed in a vacuum chamber and a 
continuous layer of this metal is deposited onto a polymeric substrate. In a typical vapor deposition 
process, the minimum thickness to form a continuous metal layer is at least about 500 angstroms. More 
than one layer of a metal can be deposited or layers of different metals may be deposited. 

30 A preferred method of forming the' metal vapor in the vacuum is through one of several means of 
evaporation. A metal vapor formed by sputtering would also be suitable, albeit typically slower in depositing, 
A preferred form of evaporation is evaporation by means of heating the metal with an electron beam. 
Typically, the metal is placed in a small water-cooled metal crucible and an electron beam is produced and 
focused on the metal in the crucible by means of a magnetic field. Typically a current of about 0.1 to 1 amp 

as is accelerated to 10,000 volts and the metal is vaporized. An electron beam power supply commercially 
available from Airco Temescal is an example of a suitable apparatus. Other methods of evaporating the 
metal or metals include resistive heating and induction. 

After the metal vapor is created, it rises through the vacuum chamber until it is deposited onto the 
substrate positioned above. It is preferred that the substrate be a moving web which is passed through the 

40 metal vapor in the vacuum chamber at a speed sufficient to deposit a layer of the metal having a desired 
thickness. A layer of at least about 500 angstroms thick must typically be formed on the polymeric 
substrate because thinner layers tend to form islands of the metal and not the desired continuous metal 
layer. 

The use of electron beam evaporation, or other evaporation methods, can be used to deposit metal onto 
45 a substrate in a wide range of deposition rates and in a wide range of thicknesses. It is preferred that the 
thickness of the deposited metal layer be between about 500 and about 1 ,000 angstroms. 

After a metal layer is deposited on the polymeric substrate, the exposed surface of the metal layer is 
oxidized. The exposed surface of the metal means the side of the metal which is not in contact with the 
substrate. Oxidation of the exposed surface of the metal can be accomplished by simply leaving the coated 
so substrate in the. presence of oxygen for a sufficiently long time to provide an oxide layer of a sufficient 
thickness. It is, however, preferred that the metal layer coated on the polymeric substrate be heated in the 
presence of oxygen to speed the formation of the oxide layer. The metal should not be heated to a 
temperature which causes premature melting of the metal layer. In the case of indium or indium tin this 
temperature is preferably between about 90* C and about 150 - C for one or more hours. ^ 
55 An oxide layer is formed having a sufficient thickness, such that the electrical resistance is sufficiently 
low and the strength of .the layer is sufficient so that a continuous oxide layer remains in the final 
composite. In the case of indium or indium tin, an oxide layer of between about 50 and about 100 
angstroms has been found to have a sufficiently low resistance, sufficient strength, is optically transparent 
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and is formed quicfdy. 

Indium oxide and indium-tin oxide films (as do other oxides) act as a diffusion barrier to oxygen and at 
a certain thicknesses act to prevent further oxidation altogether. The oxide thickness can be increased past 
this thickness by annealing the layer in a pure oxygen atmosphere, treating the film with an oxygen plasma 
or by using a strong oxidizing agent, such as ozone. 

After the metal layer is deposited onto the polymeric substrate, if desired, it can be formed into a roll to 
affect the oxidation of the metal. Also, rewrappfng the metal/polymer' web with a porous paper inner layer 
has been found to increase the speed of the oxidation layer of the resultant oxide layer. 

After the metal oxide layer has been formed, the next step is to loosen the bond between the metal 
oxide and the metal by using an effective concentration and amount of a fluxing agent. If a fluxing agent is 
not applied or is not applied in a sufficient concentration or amount, microsphere formation will be hindered. 
The fluxing agent permeates the oxide layer and weakens the bond between the oxide and the metal. The 
bond between the oxide and the metal must be sufficiently weakened so that the metal is free to form 
microspheres in the later step. 

After the oxide layer has been treated with a fluxing agent, a protective polymeric layer is applied to the 
metal oxide. The protective polymeric coating supports the oxide layer and keeps it from disintegrating or 
becoming discontinuous when the metal layer is melted to form microspheres. It is preferred that th 
protective polymeric coating be transparent so that visible light can pass through. 

The fluxing agent may be dissolved in the liquid polymeric protective coating and the mixture coated 
onto the metal oxide layer. If this is done, it is preferred that the polymer and the fluxing agent be 
compatible. 

After the protective polymeric layer has been applied and is dried or cured to a sufficient consistency to 
adequately protect the metal oxide layer, the metal layer is then melted to form discrete metal micro- 
spheres. The discrete metal microspheres are embedded in the metal oxide layer. Both the metal oxide 
layer and metal microspheres are supported between the substrate and the protective polymeric layers. If 
the metal oxide layer, the substrate, and the polymeric layer are transparent the composite will be 
transparent as the microspheres block very little transmitted light. 

The metal microspheres are formed when the metal layer is made sufficiently liquid to form micro- 
spheres. Microspheres are typically formed by heating the metal layer. One method of heating the metal, 
layer is passing the polymeric composite quickly over a hot roll having a temperature sufficient to melt th 
metal layer without degrading the metal oxide, substrate or polymeric layer. After the metal layer has been 
melted, the metal forms discrete metal microspheres which are usually too small to be visible to the 
unaided eye, typically 0.5 to 3.0 micrometers. For example, a 1000 Angstroms thick metal layer will 
typically form metai microspheres having an average diameter of about 2 micrometers. These metal 
microspheres are sufficiently spaced apart so that very little of the transmitted visible light is blocked when 
passing through the metal oxide and metal microsphere layer. Typical electrical resistivities of the metal 
oxide layer is in the range of between about 1,000 and 5,000 ohms per square. ^ 

The present invention is further described by way of the following non-limiting examples: 



Example 1 



Composites of the present invention were made by first loading one hundred feet of 25 cm wide and 
0.025 millimeters thick polyester manufactured by 3M Company into a vacuum web coater. The coater 
included a 40 cm diameter chill roll and take-Op and feed rolls. The coater had an electron beam 
evaporation source 25 cm below the chill roll. The evaporation source and corresponding power supply 
were manufactured by Airco Temescal. The evaporation pot was lined with 0:16 cm thick zirconia felt to 
provide thermal insulation and more efficient evaporation. A 300 gram sample of indium was placed in the 
pot. The vacuum chamber was pumped down to a pressure of 2 x 10" 5 Torr. The web was traversed in 
contact with the chill roll at 16 cm/sec and the indium was evaporated by directing a 10 KeV 0.16 amp 
electron beam into the pot. Under these conditions, a 1000 Angstroms thick film of indium was formed on 
the polyester. The indium thickness was determined by measuring the absorption in the indium layer of x- 
rays diffracted from the polyester substrate. 

Ten 3.75 cm by 22.5 cm samples were cut from the web and placed in an oven set at 110 C. The 
samples were removed one at a time after elapsed times varying from 15 minutes to 19 hours. A 3.75 cm 
by 3.75 cm area on each sample was coated with a mixture of 10 g polyvinyl pyrroiidinone (PVP) (K60. 
60,000 molecular weight) dissolved in 50 ml water, 10 ml of glacial ace tic acid, and one drop of a 
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surfactant (T urgitol TMN). The coatings were dried in air. The polyester side of each of the samples was 
then placed in contact with a 175* C hot plate surface for about 1 second, which caused the indium metal 
film to form very fine beads under the PVP-acetic acid coated area of each sample, and which caused 
these areas to becom transparent. The following values for electrical resistance were obtained for the 
samples: 



TO 



75 



20 



Time in 110* C 


resistance 


oven (hours) 


(ohmstequare) 


0 


>50Megohms 


0.25 


30Megohms 


0.5 


1 .7 Megohms 


1.0 


15.8 kilohms 


1.5 


8 kilohms 


2.0 


6 kilohms 


2.5 


4 kilohms 


3.0 


4 kilohms 


16 


3 kilohms 


19 


3 kilohms 
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Example 2 



Composites of the present invention were made as described in Example 1 except that the pot was 
loaded with 250 g indium and 10 g tin and the web speed was set at 5 cm/sec. The other conditions were 

3Q similar to those in Example 1. Since the vapor pressure of indium is much higher than that of tin (roughly 
100 times at 1250" C), the evaporated film alloy did not contain more than 10 wt% tin until the pot was 
nearly depleted. A piece of polyester 3.6 meters long which was coated toward the end of the experiment, 
was found to have a thickness of 1000 Angstroms and a composition of approximately 90 wt% indium, 10 
wt% tin at its midpoint The polyester was tightly wound up into a roll and placed into an oven at 80* C for 

3g 52 hours. The sample was coated at jts mid-point with the PVP-acetic acid mixture of Example 1 and dried. 
After the sample was heated to 175* C to melt the excess indium-tin, it was found to have a resistance of 
3500 ohms/square in the PVP-acetic acid treated area. 



40 



Example 3 



45 



Composites of the present invention were made as described in Example 1 except that the pot was 
loaded with 155 g tin and 52 g indium. The electron beam was set to 10 Kev and 0.12 amp. and the web 
speed was 5 cm/sec. The resulting alloy film was analyzed at 3 meter intervals by x-ray diffraction and x- 
ray fluorescence and found to have the following compositions: 
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meters 


composition 


downweb 


(wt% Sn) 


.3 


5 


3.05 


9 


6.1 


19 


9.15 


32 


12.2 


45 


15.25 


71 


18.3 


86 


21.35 


94 


24.4 


98 



75 A sample of the film taken from 1 .5 meters downweb (with approximately 7 wt% tin) was oxidized for 1 hour 
at 110* C. About 1 square inch of this film was coated with PVP plus acetic acid and heated as in exampl 
1 to melt the excess metal. This area had a resistance of 3000 ohms/square. A 3 mm diameter circular 
sample for transmission electron microscopy was punched out of the web at an adjacent area near the edge 
of the web. This area had a thinner coating of indium-tin because it was partly masked by shields in the 

20 evaporation chamber. The polyester substrate was then removed from this sample by dissolving the 
polyester in 70 "C orthochlorophenol. The film was supported on a 400 mesh copper microscope grid and 
was rinsed using acetone. The film was examined in a JEOL 200 CX transmission electron microscope. 
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1. A method for forming a metal oxide film on a substrate comprising the steps of: 

(a) depositing a continuous metal layer onto a substrate, said layer of metal having an exposed 
surface; 

(b) forming a metal oxide layer on said exposed surface; 

(c) contacting said oxide layer with an effective amount of a fluxing agent; 

(d) providing a protective polymer layer on said oxide layer; and 

(e) forming discrete metal microspheres by melting said metal layer. 

2. The method of claim 1 wherein said metal layer is deposited on said substrate by forming a vapor in 
35 a vacuum chamber and depositing by means of vacuum deposition. 

3. The method of claim 1 wherein said metal layer comprises a metal selected from the group 
consisting of indium, indium-tin, tin, cadmium, cadmium-tin, mixtures thereof, and such metals; alloys and 
mixtures doped with antimony or flourine. 

4. The method of claim 3 wherein said metal is selected from the group consisting of substantially pure 
40 indium and an indium-tin alloy having between about 5 and.about 25% tin by weight. 

5. The method of claim 2 wherein said vapor is formed by evaporating said metal. 

6. The method of claim 5 wherein said metal Is evaporated by means of electron-beam evaporation. 

7. The method of claim 1 wherein said oxide layer is formed by heating said metal layer in the 
presence of oxygen. 

46 8. The method of claim 1 wherein said oxids layer has a resistance of less than about 5000 
ohms/square. 

9. The method of claim 8 wherein said oxide layer has a thickness of between about 50 and about 100 
angstroms. 

10. The method of claim 1 wherein said fluxing agent is a weak acid. 

50 11. The method of claim 10 wherein said acid is sufficiently volatile so that it substantially evaporates 

from said composite within 1 hour after processing. 

12. The method process of claim 1 wherein said metal layer is melted by heating said substrate, metal 

layer, metal oxide layer and protective polymer to a temperature of between about 115 C and about 200 C 

for between about 0.1 and about 5 seconds. 
55 13. The method of claim 1 wherein said metal oxide film is optically transparent and electrically 

conductive. 

14. A method for forming a metal/polymer composite comprising the steps: 
(a) providing a chamber having a substantial vacuum therein; 
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(b) forming a metal vapor in said chamber by evaporation of a metal seiert-ri f^m « 
consisting of indium indium-tin, tin. cadmium, cadmium-tin. mixtures there^d sucTmeZ ZfiZ 
m.xtur s which have been doped with antimony or flourlne; V d 

W depositing said vapor on said substrat to form a metal layer at least about 500 anastroms thick 
on a polymenc substrate, said metal layer having an exposed substrate- angstroms thick 

of between" about SfcSTSS T^r?* T* ^ h the P reS6nce of «W *> • temperature 

zsrsxsi z g i~: 5 ^ z^^r to form a metai oxide ^ ° f b — 

(e) contacting said metal oxide layer with an effective amount of a weak acid; and 

(f) coating said oxide layer with a protective polymer layer 

18. A metal/polymer composite comprising: 
(a) a substrate; 

(c) a protective polymer overlying said metal oxide layer 

- ~» 

20. The composite of claim 19 wherein said substrate comprises a polymer 
P J^m - -1^ of substantia,, 

ang^rS thr P 2 ° Wh6re,n * C ° ntinU0US ° Xide ,ayer is between *«* » and about 100 

between^S: 1^0^^ ^ ^ "" " ~~ "«-' * 

conductive™ C ° mPOSfte ° f Clalm 19 Wherei " S3id COmpOSite is °^*"y ^mm and eiectrically 

25. An opaque metal polymer composite made by the method of claim 14 

26. A substantially transparent metal polymer composite made by the method of.claim 15. 
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© Electrically conductive metal oxide coatings. 

@ A method for forming a metal oxide film on a 
substrate (1) is provided comprising the steps of 
depositing a continuous metal layer having an ex- 
posed surface onto a substrate, forming a metal 
oxide layer (2) on the exposed surface, contacting 
the oxide layer with an effective amount of a fluxing 



agent, providing a protective polymeric layer (4) on 
the oxide layer (2) and forming discrete metal micro- 
spheres (3) by melting the metal layer. A metai 
polymer composite comprising a continuous metal 
oxide layer which may be transparent is thus pro- 
vided. 




Ill 



FIG. I 



Xerox Copy Centre 



BNSDOCID: <EP 0357289 A3_l_> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application number 



EP 89308294.1 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE. 
APPLICATION (Int. C\.4f 



EP - A - 0 217 095 (SIEMENS AG) 

* claims; column 2, lines 1-4; column 2, 

lines 38-51 * 



PATENT ABSTRACTS OF JAPAN 

vol. 5, no- 21 (P-48) (693) , 7 February 

198*; & JP - A - 55 149 909 (TEIJIN) 

21.11.1980 

* whole document* 



1-8,13, 

15,16 

18-21,26 



1,15,18, 
26 



H01L31/0224 
H01L31/18 



JOURNAL OF MATERIALS SCIENCE 
vol. 19, 1984, pages 1-23;A.L.DAWAR et 
al. : "Review - Semiconducting transparent 
thin films: their properties and applica- 
tions" 

* pages 2,3,7,19 * 



2-5,8, 
19,21 



JOURNAL OF THE ELECTROCHEM. SOCIETY 
vol. 134,no. 8A,August 1987, pages 2056- 
2061, Manchester, NH, US; S.W. JAN et al. : 
"Preparation and Characterization of Indi- 
um-Tin-Oxide Deposited by Direct Thermal 
Evaporation of Metal Indium and Tin" 
*pages 2056-2061 



3,19 



. TECHNICAL FIELDS-*- 
SEARCHEO (Int. CI jp 



H01L31/00 

C23C14/00 
C23C28/00 
B32B15/00 



The present search report has been drawn up for all claims 



Place of search 
BERLIN 



Date of completion of the search 

07.02.1990 



Examiner 

S.J.G.MUNNIX 



8 
S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken al ne 

Y : particularly relevant if combined with another 

document t the same category 
A : technological background 
O : non- written disclosure 
P : intermediate document 



T : theory or principl underlying the invention 
E : earlier patent d cument. but published on, r 

after the filing date 
O : document citeg* in th application 
L : d cument cited for other reas ns 

& ; member f the same patent family, corresp nding 
document 



BNSOOCID: <EP 0357269 A3J_> 




European Patent 
0))) Office 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims. 

n cla,ma have been paid within the prescribed lime limit The present European search report has been 

drawn up for ali claims. 

1^ 0nt * P" 1 * me claims rees have been paid within the prescribed time limit The present European search 
. •port has been drawn up for the firrt ten ciaims and for those claims for which ciaims <ees have been paid. 

namely claims: 

I I No*cialms fees have been paid within the prescribed time limit The present European search report his been 
drawn up for the H^st ten cla«ms. 



2 



LACK OF UNITY OF INVENTION 

j The Search Oivision considers that the present European patent application does not comply with the requirement of unity of 
invention and relates to several inventions or groups of Inventions. 

namely: v 



1. claims: 1-13,15-24, 

26 Method of forming a transparent 

metal-oxide layer by forming me- 
tal microspheres embedded in oxide 



2. claims: 14,25 



Forming a (non-transparent) metal 
polymer composite 



All further search fees nave been paid within ,he fixed time HmIL The present European search report has 
been drawn up for all claims. 

Only part of the further search fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent appl.catlon which relate to tn 8 inventions in 
respect of wh'cta search fees have been paid. 

namely claims: 

None of the further search fees has been paid within the fixed t.me limit. The present European search report 
has been drawn up for those parts of the European patent application which relate to the Invention first 

mentioned In the claims. 



namely claims: 



1-13, 15-24, 26 



BNSDOCID: cEP 0357289 A3_l_> 



PAGE BLANK 



(osptoj 



